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FRET-Based Genetically Encoded Sensor of Calcineurin Activation
Hojjat Bazzazi, Lingjie Sang, David T. Yue.
Johns Hopkins University, Baltimore, MD, USA.
Calcineurin plays a central role in relaying Ca2þ signals from the plasma mem-
brane to the cell nucleus. The resulting involvement of this phosphotase in dis-
eases as diverse as schizophrenia and cardiac hypertrophy necessitates
understanding of calcineurin’s precise spatio-temporal dynamics in live cells.
To this end, genetically encoded FRET-based sensors have shown some poten-
tial for elucidating the activity of signaling kinases and phosphatases. However,
the currently available calcineurin sensors suffer from limited dynamic range
and slow kinetics. Here, we report on the development of a FRET-based sensor
of calcinuerin activation (DuoCALN), based on fusions of cerulean and venus to
various calcineurin subunits. Such sensors feature improved dynamic range
(~40% change in FRET efficiency upon full activation) and rapid on/off kinetics
(~tens of seconds). These properties are evident in HEK293 cells expressing
bothDuoCALNandM1 receptors, as summarized in the figure. Bath application
of Acetyl-b-methylcholine (horizontal bar) activates these receptors, in turn
2þtriggering phasic Ca release from intra-
cellular stores. In response, single-cell
FRET efficiency of DuoCALN displays
a rapid onset, followed by readily revers-
ible dissipation. The ongoing development
of DuoCALN sensors promises new in-
sight into the spatio-temporal dynamics
of calcineurin activation in live cells.
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Real-Time Imaging of NADPH Oxidase Activity in Living Cell by using
Novel Bio-Sensor
Rituraj Pal, Shumin Li, Poulami Basu Thakur, George G. Rodney.
Baylor college of medicine, Houston, TX, USA.
Production of reactive oxygen species (ROS) has been implicated as a causal
agent in sporadic variants of many pathological conditions conditions, in-
cluding cardiovascular, inflammatory and neurodegenerative diseases, aging,
muscular dystrophy, and muscle fatigue. NADPH oxidases (Nox) have re-
cently gained attention as an important source of ROS involved in redox sig-
naling. However, our knowledge of the source of ROS has been limited by
the relatively impoverished array of tools available to study them and the
limitations of all imaging probes to provide meaningful spatial resolution.
We have developed a redox sensitive protein to specifically assess Nox activ-
ity by linking redox-sensitive GFP (roGFP) to the Nox activating protein,
p47phox. Our Nox redox probe allowed for dynamic live cell imaging of
Nox activity associated with respiratory burst activity and skeletal muscle
contraction. Grx1-roGFP has previously been reported as an efficient sensor
in live imaging of the glutathione redox potential in different cellular
compartments. The dynamic and specific analyses of redox-based assays
under different physiological and pathological conditions are greatly attrib-
uted by these biosensors. using Grx1-roGFP and our novel p47phox –roGFP
sensor, we were able to measure intra-cellular ROS production and glutathi-
one redox potential in a mouse model of Duchenne Muscular Dystrophy with
dynamic live cell imaging. Our studies suggest that NADPH oxidase plays
a major role in both extra- and intracellular ROS generation in muscular
dystrophy. As Nox has been linked to pathological redox signaling, our
newly developed Nox biosensor will allow for development of therapeutic
Nox inhibitors.
2723-Pos Board B742
Imaging of Static Dielectric Permittivity In Vitro and in Living Cells by
a Bioconjugable GFP Chromophore Analog
Gerardo Abbandonato1, Giovanni Signore2, Barbara Storti1,
Ranieri Bizzarri1.
1NEST, Scuola Normale Superiore and Istituto Nanoscienze - CNR, Pisa,
Italy, 2Center for Nanotechnology Innovation @ NEST Istituto Italiano di
Tecnologia, Pisa, Italy.
Static dielectric constant ε modulates the activity of many biomolecules,
thereby affecting their biological roles. Yet, spatial maps of dielectric constant
in living cells is still a challenging task. Indeed, dielectric spectroscopy is un-
able to yield spatial ε maps in cells, and AFM measurements are restricted to
plasma membranes. Fluorescent probes are suitable for polarity measurements,
but their readout is usually related to complex polarity functions.
Here, we describe a fluorescent probe structurally similar to the GFP chromo-
phore, able to report on local static dielectric constant (ε) with good accuracy
both in vitro and in living cells. Notably, we found that Generalized Polariza-
tion (GP), a classical parameter for ratiometric imaging in cell microscopy,shows a linear dependence upon the logarithm of ε,thus making the probean ef-
fective indicator of local ε through GP measurements.
Our probe is suitable for bioconjugation, and its norbiotinamine or phospho-
lipids derivatives can report on local polarity of micelles, LUVs, and protein
surfaces in cuvette.
Finally, we set out measurements in cultured CHO cells by confocal micros-
copy, obtaining spatially resolved dielectric constant maps of ε for many sub-
cellular compartments, such as endoplasmic reticulum, nuclear envelope and
plasma membrane.
Our probe has a broad applicability both in vitro, allowing for accurate mea-
surements of physico-chemical parameters, and in cell or tissue imaging, being
a robust tool to monitor local changes in bioenvironments caused by external
stimuli and/or alterations of cell homeostasis.
1. Signore G. et al.; J. Am. Chem. Soc., 2010, 132(4), 1276–1288.
2. Gaus, K. et al.; Mol Membr Biol, 2006, 23, 41.
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Transient changes of spatio-temporal cytosolic calcium concentrations initiate
calcium signaling for downstream physiological actions. The intracellular
calcium stores serve as the major source for these calcium transients. To probe
calcium release in such high calcium environments, there is a pressing need to
develop calcium sensors with fast kinetic properties to fulfill the requirements
for understanding calcium signaling during fast physiological events such as
action potentials and EC-coupling. In this study, we will report the design of
calcium binding proteins with unprecedented fast kinetics that is about two
orders of magnitude faster than natural calcium binding proteins. using various
spectroscopic methods, we have shown that the designed calcium binding pro-
teins exhibit desired affinity, metal selectivity and optical properties attributed
to the calcium binding induced local conformation and dynamic change in the
chromophore environment. We then report the application of developed
calcium sensors in variety of biological processes including extracellular
calcium signaling, the store-operated calcium entry, and the calcium release
dynamics from SR in skeletal muscle in aging mice.
Biomimetics & Biophysics for Alternative Energy
2725-Pos Board B744
Understanding Cellular Energy Harvesting through Piezoelectric
Polymers with Cellular Interfaces
Natee´ Johnson, Philip LeDuc, Christopher Bettinger.
Carnegie Mellon University, Pittsburgh, PA, USA.
There is emerging interest in designing systems that are capable of harvesting
energy from living tissue. These systems have potential applications in power-
ing medical implants such as microdevices, actuators, and electronically active
tissue engineering grafts. Specific attention has focused on the manipulation of
system and substrate geometries to control biomimetic tasks using external
electric fields1. To make these devices more feasible for in vivo usage without
the need for external energy sources or stimuli, the concept of a cardiomyocyte
pump has beendemonstrated using only chemical energy input to cells as
a driver2. The current work describes advances in materials design and cellular
integration to produce a piezoelectric system that is powered by mechanical
cell contractions. Poly(vinylidene fluoride) (PVDF) is a piezoelectric material
that will be driven by cardiomyocytes. Nanofibrous PVDF mats are fabricated
with an electrospinning process. The chemical and electrical properties of pie-
zoelectric PVDF films are characterized by FT-IR and voltage measurements
under controlled deflection, respectively. Mimicking the highly oriented nature
of human tissue and muscles may improve control/cell response; achievable
with films of anisotropically aligned nanofibers. In addition to affecting the me-
chanical properties of such films, this macroscopic alignment has been shown
to improve cell adhesion, proliferation and alignment. Anisotropic PVDF films
are fabricated by modified electrospinning methods. Murine cardiomyocytes
were differentiated on these films and the generated electrophysiological
response of the cells was measured using a highly sensitive ammeter. This
work demonstrates that aligned piezoelectric substrates are suitable for cell-
based energy harvesting. These materials are conformal, can be potentially
integrated with organ scale systems, and may be scaled to power microelec-
tronic medical implants.
Tuesday, February 5, 2013 531a1 Feinberg, A. et al., Science 317, 1366-1370 (2007).
2 Tanaka, Y. et al., Lab on a chip 7, 207-212 (2007).
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There is considerable interest in the development of second and third genera-
tion photovoltaics with higher efficiency and lower cost of production.
Dye-sensitized solar cells (DSSCs) use organic species as the absorptive
AND conductive species in the photovoltaic device, where molecules enter
the excited state upon photon absorption and create a current based on the
excited electrons. We have used a biomimetic approach to previously develop
a self-assembling peptide-porphyrin aggregate system which maintains con-
ductivity at pH values well above the peptide-free system. This system uses
a scaffold peptide to bind and orient m-Tetrakis(4-sulfonatophenyl)porphine
(TPPS) molecules into conductive ‘‘J-aggregates’’. In this work we character-
ized a number of second generation peptide designs with the goal of better
understanding the chemical and structural relationships in formation of J-aggre-
gated species. Early studies showed an inverse relationship between alpha helix
formation in the scaffold peptide and J-aggregate formation. using circular
dichroism and absorbance spectroscopy we have investigated this structural
relationship and found that peptide secondary structure alone is insufficient
to promote J-aggregate formation in solutions above pH 3.6. Additionally,
spectroscopic investigations of the binding affinity of peptide for porphyrin
as a function of ionic strength confirmed that the primary driving force in com-
plex formation is electrostatic interactions between the anionic TPPS and the
cationic peptide. using this knowledge we designed a 3rd generation peptide
scaffold with intent on increasing overall aggregate size and stability.
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Light Harvesting and Light Activatable Protein Maquettes Designed
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Joshua A. Mancini1, Goutham Kodali1, Lee A. Solomon1, Nicholas Roach2,
J.L. Ross Anderson1, Tatiana V. Esipova1, Sergei A. Vinogradov1,
Pawel Wagner2, Bohdana M. Discher1, David L. Officer2,
Christopher C. Moser1, P. Leslie Dutton1.
1University of Pennsylvania, Philadelphia, PA, USA, 2University of
Wollongong, Wollongong, Australia.
Electron transport chain (ETC) modularity inspires framework for renewable
energy harvesting. In order to design maquettes capable of light-harvesting
and light activated electron transfer using natural and synthetic Zn porphyrins,
chlorins and bacteriochlorins, we have explored cofactor structural require-
ments for binding to the maquettes. Binding of several synthetic Zn porphyrins
with different substituents to the hydrophilic single chain maquettes were stud-
ied. Based on this binding data we have hypothesized an amphiphillic character
of a tetrapyrrole as an essential requirement for efficient and fast binding (with
in few seconds) at room temperature. Having a nonpolar side compatible with
the hydrophobic interior of the maquette and a polar side compatible with polar
amino acids and solvent on the outside of the maquette are the simple require-
ments which will allow for hydrophobic partitioning, hence facilitating the
ligation of the metal to specifically tailored histidines to stabilize binding. using
this approach we can have a control over orientation of the molecule in the
maquette, which is an important requirement for efficient energy transfer or
electron transfer in the maquettes. This simple amphiphillic model will enable
us to design new synthetic tetrapyrrole cofactors that bind to maquettes, which
will allow for engineering and assembly of maquettes capable of light-
harvesting as well as photochemistry. We have also engineered a covalently
expressible c-type cytochrome maquette and successfully replaced the central
iron with Zn creating a light activatable covalently attached Zn porphyrin con-
taining maquette. We also present preliminary studies showing that billins,
which are involved in harvesting of yellow-red light of solar spectrum can be
attached in-vitro to cysteines in designed protein maquettes.
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Structure and Electronic Configurations of the Intermediates of Water
Oxidation in a Highly Active and Robust Molecular Ruthenium Catalyst
Dooshaye Moonshiram1, Laia Francas2, Antoni Llobet2, Yulia Pushkar1.
1Purdue University, West Lafayette, IN, USA, 2Institute of Chemical
Research of Catalonia (ICIQ), Avinguda Paisos Catalans 16 E-43007,
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Photosynthesis is one of the most important chemical processes on our planet.
Splitting water into O2 and H2 using sunlight is a clean and sustainable pro-
position for addressing energy and environmental problems encountered in
our society. Mimicking this reaction in a manmade device will allow forsunlight-to-energy conversion with water providing electrons and protons for
production of chemical fuels. About 30 years ago Meyer and coworkers re-
ported the first ruthenium-based catalyst for water oxidation, known as the
‘‘blue dimer’’. This catalyst may be considered as an artificial analog of the
oxygen-evolving complex (OEC) in Photosystem II (PS II). Recently it has
been demonstrated that single-site Ru and Ir catalysts are also active in water
oxidation. These single-site catalysts are attractive model compounds for
both experimental and theoretical studies of mechanism of water oxidation
and show improved catalytic activity compared to ‘‘blue dimer’’. A better un-
derstanding of this mechanism and identification of the rate-limiting steps
could pave the way to light-driven generation of molecular hydrogen by water
splitting.
A mononuclear ruthenium complex [Ru(bda)(pic)2] (pic=4-picoline) was found
to show high catalytic activity as well as high chemical stability. EPR, Raman
and XAS characterization of the electronic structure and molecular geometry of
Ru(III)-OH2,Ru(IV)=O and Ru(IV)-OO-Ru(IV) are reported in the single site
water oxidizing complex. Formation of metal bound peroxides as the result
of O-O coupling has been implicated in the mechanism of catalytic water ox-
idation by Photosystem II oxygen evolving complex (OEC) and in Ru-based
catalysts. However, such intermediates were never isolated and their structural
and electronic characterization has not been reported. We believe that the inter-




What can we Learn from Teaching Physics at San Quentin State Prison?
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Diane M. Wiener2, Carlos J. Bustamante1.
1University of California, Berkeley, Berkeley, CA, USA, 2Emory University,
Atlanta, GA, USA.
In the United States, more than half of formerly incarcerated people return to
prison within three years of release. Typically, only 2 percent of state prisoners
are college graduates. Several statewide studies exploring the issue have con-
cluded that postsecondary correctional education is one of the most effective
avenues for reform. Besides improving critical reasoning skills, education
improves chances for employment after release from prison. The data are
hopeful - the rates of recidivism are nearly 50% lower for prisoners earning
an associate’s degree than for ex-offenders who did not participate in
college-level educational programs. The Prison University Project at San
Quentin State Prison is an outreach organization whose all-volunteer instruc-
tors enable prisoners to enroll in college-level courses, culminating in an Asso-
ciate’s degree. Unfortunately, however, California’s statewide requirements for
an Associate’s degree do not include a lab-based science course that is manda-
tory for transfer into a four-year state college in California. We have designed
an algebra-level, physics course that is intended to bridge this requirement for
prisoners so that they may qualify for direct transfer to a Bachelor’s program
upon release. Our goal was to develop a physics course that could be taught
in a prison setting while also meeting the standards of a college-level course.
We also constrained ourselves to a total budget of $100, including textbooks.
We administered the course over Summer 2012 semester, successfully imple-
menting 11 comprehensive laboratory exercises exploring topics ranging from
mechanics and energy to simple harmonic motion. Here, we present the details
of the course design and discuss the unique challenges and opportunities of
teaching physics at San Quentin. We believe this course serves as a useful
model for teaching science in underfunded schools, both in the United States
and in developing countries.
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Engaging Community College Students in Biophysics Research
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It is commonly agreed that the future competitiveness of the US economy will
depend on its ability to attract talent and foster innovation in STEM (Science,
Technology, Engineering and Mathematics) disciplines. At the same time it is
also becoming clear that this need can only be met by attracting, educating, and
retaining a larger and more diverse cohort of STEM students. In this regard,
Community Colleges (CC), serving a disproportionate number of underrepre-
sented minority, female and nontraditional students, represent a pool of poten-
tial talent that, due to a misguided perception of its students as being less
capable, often remains untapped. Here, we discuss our strategies to attract
and support the academic advancement of CC students in the STEM fields
